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(57) Abstract: A spectroscope through ultrasonic jet multiphoton resonance ionization, capable of efficient identification/quanti- 
tative determination of an extremely minute amount of substance contained in a carrier gas. There is provided a laser ionization 
mass spectroscope comprising pulsed gas injector (12) for pulsed injection of a carrier gas containing sample molecules into vacuum 
container (17); a laser beam irradiation system capable of irradiating laser beams for selective photoreaction of sample molecules 
contained in the pulsed gas; lead-out electrode (19) and repeller electrode (18) capable of creating an electric field for withdrawing 
sample molecule ions formed by the photoreaction; and mass spectroscope (26) capable of mass spectroscopy of withdrawn sample 
molecule ions. The laser beam irradiation system is set up so that the sample molecules are irradiated with laser beam in the vicinity 
of a location where the pressure time distribution of pulsed gas undergoing translation in the vacuum container (17) transits from a 
flat top trapezoidal pressure distribution to a triangular pressure distribution. 
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|i.3i#:8t;ij;oT?i^^$tL/cw— if— 3fe:^9-e. ^^])^^^^iz.^^ti 

, 1/— if— 3fef;iJ;oTf^^$*x6if>':7'/V5>T-1':^^»J;«9#»-efe5^i!^5a 
l^^t-t)ll^^t^t>*m$tt. ^^$tb-CV^;5(#■[|x.f*^ Yasuo SUZUKI, et. al. 
, Analytical Sciences 2001. VOL. 17 SUPPLEMENT 1563. 0M)o 

[0053] m5A#:8|^(D[U]ffi|^(Diag^Stt$tl.^W— if— 5fe9(D3fe^(^Jf^iyt^ 

miOf^M^LT^i-o 12110(a) (^5:^— ir5'h69;5^e)5:9— fe2/h70^[R];5^5^S&<^ 
l/~if— 12110(b) fi^^-- fe5'h70/5^e>5^— fe5/h69-^fR]/5^5^j^<^V— if— 
III 10(c) (*i^-if-3fei:^Ilflffi^^(^P^^M^bT^i-ti<^ 
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DflffiMMl (miO (a) ) f*. M\Piir^^(D^9—'^-yh69fp(D—(DmM^M2 (010 ( 
b)) (^^{tTA#*bfcl/-if-3feSriDl^f-Ai!bTS#t-r§o ^tv^^ftfciaffiM 

))-^fB]{t-cMt^-r^o ^(DX^K. tu-^-yt^F]mJf\^i^m^^'^^x^K^ 
1. M2- • -Me}*. m.^mm^m-tu M\^ir^mmmm(Dmmitm.^mm(D2m 

\f—J>>tfj:\) (miO (b) ) . ^'7—±^yh69^^h^'^—±^yh70^\^^^^ V— if — 

3fe{*^fBi mmmm(D^^i^^^x^mrr^w\f—j>>t:^^ (0 lo (a) ) « 

[0054] 0*b< El 1 1 |aVz:#:8b^^fflt- So -v/k^^^— ,m5i:f^8b 

if — 3fe(D^^9(D?l^^^^^LT*bfc^>COT\ (a) l^5.9—±iyh69:d^h^^—±^yh 
70^\ri]^^^^^<DU—'f—yt^, (b) ir5/h70;5^^>57— ir5/h69-^[B]^^5=® 

^(DU—^—yt^^ti^th^l.^ (c) fiw— if-3fei:#IM]ffi^i:<^M#^Mr?lb-C 

[0055] ^^ib^hm P Tl^ST^pfrlf — AOV— if — 3fe^^ft/c5^— fe^^hTOcfJO— (D 

OOffi^Ml (El 1 1 (a) ) >?t|B]i-§te(D^^— ir5/h69^(D— (D[U]B^M2 (01 1 ( 

b)) (;i|B]itTAMbfcix-if— ^^4ir^-e#,..^^*^^itxmt^-A^b-CKI*t-So - 

tV^^{tfcIiaffi^M2«. V'-if-^fe^^^— feiyhTOctJCDlUIffi^MKilP^-rSIUI 
®I^M3(|l|ll(a))-^fR]{tTHt+i-So ^<DXoK. ^^tU—'^—^^mmiyl^K 
\B\m^^^XD{^^9—±^yh69, 70mx^^mRM^-^. tB P Ifi P 72;0^t>^§P-^?¥ 
m-rSo #A$tLSW— if — 3t;5SAiAf7tf— i^-efe;j^(jt\ ir^;/h70;e)^b5:^— fe^/ 

h69-^iR]56^5 («{^&) i^—^—m'iM\^mmmmxmuF^m^i^M^^—j>^tm ( 

011 (b)) . 59— fe5/b69>5^^>5^— fe5/b70-^fB];5^5 (=^{?§) V— if— 3fe}WfR]IlD® 

mm(D ^^H7&'T:^mrr^^n^^—j>^tfj:^ (m 1 1 (a) ) o 
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[0056] i&.^\f—J>.<Dm.^Fi-i^ H 1 1 (b) , (c) ic^i- J;5 1^. -e&^t ^oJ^Bf t--f b-r^^/J»s-e 

m\z.xjonw^mmm^^\^^^t^^tti^x^^. 

[0057] \.tA^fS:Tt)^h. ^y<mGn(D^:^\Z.-^i^flX\ ^^mmmm.. !WK^4:t^iy>m(DW 

M^^m7^mM^ti^-^</^:^:^::^24(D^tm:^\Ht. ^^$tt§i^^://v5>^-r:^ 
:y29(Dmn:^\^^\ ]y—^—^mM^mi^^^^xm:^\^tts:^X^K'r^^tK^^ 
. mU^&^\^-t^'^^!^i'm^h^o ^tiKX^. ^^;v:^^:;^24(DmMij\^t^^^'^ 

M^mm7tMm^mmm26t(Dmia^. mwimM.mT^-^-^^23^^mm^ti 
So '^^^>^/v^^^:ti^29(Dmn:iy\^tm:^\^i^mnL.x. mmmm2 
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[0058] mi. 1119. Ill 10. miU^^n^'^/l^^^y—m.iLi^iS, Sa, 8hX-M)3^^tvfcU—^ 

^tix-it.mm74, 77miz.n^)^^^fcmM^^%inx. -^^^y/v^^^^xDm 
^>;rtSo ^orp^M^B^cfca^. ;7^^0j^(Z)w-if — f:ti^i[:Mm^^mmuxn. mm7 

4:idXm7(DM\^^mm^±^<U ^fcM^-^^Sr^PS^jetf . $6>tcEll:J3J;]3^ 
Ell2(b) iC^:^tl^X^i^^^y^^^31, 32^Mcm^'^fCo 
[0059] ?fe:j3|1113, 14, 15f;i*5V>T. y^9— ft^^lS, 74f;if*1200V<7)m^S^N]*nb. $ 
fet-5l^t±]bm*19, 75tC{i800Vc7)®{5L^PP;!jp-f-§o HlSfi. l-Y^^Xl^^-^ 
(DiE:tjj^(D])^9—m.m74tl4>^ X i^^^(DjE;^ff^(D5l#mbm^^75^>|^;K 

. i^:/^x i^^/^coiE;^?l^(DiJ^^— 'B;ij^74^i^:/^x i^^^^(DiE;^?l^(D5l^ 

mL«ffi75^i^«rHiPii-f^^T«®Lfc#^f^ffi^rBit^jf^^$4x§«#-<^h/v 

mis}*. 34>'^X34>'^<DAE:^M(D])^9—MW.18t34:y^X34>'^ 
[0060] |l|13^E|15-e{i. mUm^M)^^fhX\^^^miM^^hM^i-^X-^</l^::^^'^24(D 

Jf\^tmJf\^ Xh^H)^ . HI l4X(Dmm^i^hM'i^<^^^:^:^:^24tm:lj\^ -e{* /cCV 
t^go-C-^/V^^^— i|a35^^*:8, 8a, 8hKX-oX^^^nfcU—^—^M9KXoX-^ 

^mm. mmmm^m^^^tt^'j^^^mx^^^ 

[0061] yx/v65{i. El8i^^$tv;5J;5^.eii^s&i3(D?i^)|^cDM^^^t>(^^jll:^ffl-e#a 

o Bl8(b)lC^$tL§yX7V65blC^3V>T{*. M^ji&lSbdS^ v'~hB64b/5^e)i^ftlJB 
66b*-e|^— iC^D-efeSo 1118(a) \Z.^-^fhhyX;VGSa\Z.iS\^XVt. mM.^13af)^ 
. hffi64a^^bB'f^{ie*-eill^li:#D-e. -^(D{i©;5^fe^#J®66ati|B]^^oT 
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w^m^i^^y—hm64a:^>h^iMm6a-^x-(DS&m(D3^(Dmr. Riiw$i5<^*£t5: 

^4° -20° X-h^o 

[0062] ^fcMa^i?&13a^#i-^yX/V65a{*, Robert E. Smith and Roy J. Mat 
z, Trans. ASME, Series D, J. Basic Eng. , 84-4 (1962) p. 434 

m^tix^^^o i^t^v. ^mmi^:^^^xiti^=7:^^—(D^mmt\^xxitfj:<. 
3a^mm^ti^o ^mMa^g&i3a-ci*. ii:wMiM^s&i3b^it^«^. a^j^ 

maK^n^^m:ff:^(D'^^yy^Wcjb^3. 06—3. 62{tlBi-h-t-§o ^t^(-J:»9. ^-^/v^^;^ 

:^(D}^m^m^xwm^fh. mM.^i3ama(D:iif::^um^^o. 51-0. 39{t<£T 

[0063] m8 (b) [i:W§^M^j6&l3b^Maiii-§;^X^68bi:yX/k65bi: 
(orat-}*. :ffy^m^^67hi)m^U M^f&13bCDmP/5^^}*?^*P$tL^c;^X^68 
bi!:^;??.?^®§P67b}c:?^S$*xfc|^v ^;^f;^;?(S. m^^tiXM^mmT^mm^ti^o 

—io. 1118(a) (^^$tL;5j;5t-. ^t5:MMM{^13a^iii!ii-§;^f;^l)fE68a^yX/V65 

at(Df^(D^^ymmQ7anmiA^m.\^w^^hn. m^^i3a(Dmm^h\-i.ii^M-^fi 

fz.^:^m3Sa(D^i!)m^^^l7^^^-^fh^o 
[0064] |l|20(c:2, 3, 7, 8-^h^i^nPv?^:/y-^-?^-i^::^driy:/(J^Tr2, 3, 7, 8-TeC 

-^*t^si^^^/^5^^(D-r:^Wl:^-^*2fe23fe^-r:^Wb&^fflv ^/co ife g (ow— 

iJ^— 3fe3{«* BT^V—iF— ^fe-e^t). 2fe g (Dl/— lF~3t4{*Nd: YAGl/~if — 
3fe<^5{^i^P^(jeJlTr213nmJ^V>5)^fflV>fCo |2|CO_h'f|!j(D^*;7<>-<i5^h/V{*. E|6 
t^^i-##:_htP51b;5SO. 25Dj^T(D^|5AmiltC*DV^TM^ii§13;6^b'!*lt$tl.fc 
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M:^^^W^Xh^o 1112(a), (h)K^irX^^^yyiyhhiy:/'^ 

mi^fc^<^^^^'y^(D^v]^^mm'4'imuu\^ ^-r 4x^^40 ( ^ sec) -e^^o 

[0065] /•^7V;^;5f;5<.i!tW^©12(D##:_h|f|551b^O. 25DJ^_hW{4©;5^b^{4$*§i^. 
al^{?&13>0^fei!ttif$*xfc^^/V;^;^;=^24(DJE;fj5>*;05. Z^^yhhy^^^^mse (IEI2 
(a) . (b) ) 7^)^h^-^m38 (EI2 (c) ) t;i*5V >Tl/-if-3fe^M#t 

, :/a— K-efeSo -tbf*^ mM.m37b^hmM^i^fc^<^i^:^^y^24^^. -t^K^^M^ 

—:fj. ±tB3o(D^#^tifcLTv^;5#'^^^«. EI20(DTIIiJ^?f^<^J;5t-. 
-^i^h/vfiv-^— :/-efe^„ ^tilt^ ii^S&i3^^e)i!tt^$tL/c/-^/v>^;if;^24;6S. +^ 

[0066] t^e5fe4i^^<biJX_hoy-r:^=¥v^>'MC)-l'J^Wb(c:f*. t°=3#t>L<{*:7;nAb3g!>CD^-? 

/^;^l|IS^#i-§l/-if-3fe^^ffi-f-;5r^/5Si£^^^-trfeofCo 

o 

/^5>^a-r:^^<^^m;eis-e#^^v ^/c^6. ife23fe^-r:^Wbi;iJ:oTif 

[0067] if— 3fc^>SV^i:i-fe23fe^-f:^^jb&tCj;«9. 2, 3, 7, 8-TeCDDSI'l' 
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— 3fe4^Nd:YAGW— if— 3t<D^4i^|^iS'efe-5266nm^^fflbfC3l®NFF^#'l4 
l^^-Cfe^o 021(DT^f*l'fe@(DW— if— 3fe3^|WI#}c:310. 99nm^U 2 

g CDl/— if— 3fe4^Nd: YAGW— if — 3feCO||5i^|^^-efe;5213nm^bfci!^(D 

ig®R#rHl#tt*§*-efeSo [1|21(Z)±^(Z)*§;^T1*. 3g®B#rHl^S^^y|^^l:^^t±ift 

sij^tbfco m2i(Dr^(D'^m^. mm^mm^m^^h(D4:t>mm'^^^^^x 
—jf. m2i<D±mt. m2i<Dr^(Dmmw^titm\^x^mis'^^^mm.'r^^ 

m7!)m-i-yfPtm^ \ ^fh\^2^ g (DI^- if — 3fe266nm<Z)3fe^^^^/V=¥— -C^Ifj^g 

-mm^mt^h(D^4:ti^^mx^^ii^^ mm^m^^m^^h^:tiy^t\t.x^fs:\ >r 

[0068] Bl22(a), (b) , ai^{J&130?l^H^CD^M{ilJ:62, 3, 4, 7, S-^^^i^nnv?^ 
>'y'y^^>'(J^T''2, 3, 4, 7, 8-PeCDFJ^V^5)i!l, 2, 3, 7, 8-^:/^i^anv^^ 
>yyyX&.Tn, 2, 3, 7, 8-PeCDFj^V^5)<^i&ft^^i^h/^^^bTV^§o El 
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22(a){*. 0. 75nimtiL#(D[iLWMM^jJ&13b^#i-§yX/V65b(|l|8(b))^^ffi 
-e<Dii:^l . lmm^mMM^if&13a5r^«7X/V65a (EI8 (a) ) ^mmUtm^(D 

1^>':7V^5>^(D^;ft^-<:^h/^-efe§o H22(b) fi*Dft§^;ft;^-<^h/v;5s^ 022 (a 

[0069] ^fcMa^i?&13a^#i-;5yX/V65a^^Sffli-§^. ®»>^^i^h/Vl;i*5V>-C^^^ 
o M^j6&13a;5^6>l!tl^$tvfc^-^/V;^;^X24ctI(;Di^^:/7^^^;5S+5>^^?^^$^^ ^ 

aiWM 1 3b^#t-syx/k6 sb^ffl V . m^mmm.^ i sa^^-r^s 

yX/V65a^fflV^fcJ&'^tC*5Jt§2, 3, 7, 8-TeCDDc7)®A><.^i^h/KD^]a^0 
23l;i^-fo V>-ftt<^aMj^l3a, 13b^iX— bffi64(c:*D{t§P^f^|W|C<l. 1mm 

li:W§aiiMS§13b^#i-^yX/V65bj;f9^t5:MM^lS&13a^#i-§yX/V65a;0S 
[0070] 024}*, 01i;i*5{t^-9'/V^5:7— m3t#:8(c:j;t9?l^^$tl.fcl/— if— ^fe^g^^^' 

/v^^^-m55t#:8^^fflLfc;$:|^P^(Di^-if--r:^->''f[:«»^*f^M^fflv^§^ 
?fe(0-r|;t}^, v-if-3t8[Hlfl^t*. i/-if-3feW>^5mJ) ic^^-<:^'^>':ff:^(Dm^ 
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[0071] m^<Dmmm^mir^miRxfM2<D^9—±^yh69, vo^^hm^^ti^-^/^'^^^ 
[0073] miii^-^-4:ti^^tMms^mmm(Dmvi^mmumx:h^o 

o 
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m 1 i}-^^^^^y—m^i^<Dnmmx-h^o 

[0 18] 1 , 2-v?^nti^:/ifV^;ft#'|4^^i-^^^:7-efe;5, 

m2U-['^K}^m^tlti2. 3. 7, 8-y'h9^vivii^^>^y^-^<9-i^:^^iy>mm'^ 
>^/v^^:^/ufc^^V^^:^^^y^^</v:^m(DU--^^ytX2^2^^^:t> 

m22mM.^^^<Dmm^X^l, 2, 3, 7, S-^:yd'^nni^^-^y^y^^t2, 3, 4 

[EI23]^t5cM7X/vi:[i:WM/X/KD^Mt-J;§. 2, 3, 7, S-^rVy^nn^J-oy^- 

-ytx2^2^^4:ti^it\^fc.m(DMm:^^^wi^mmi^m^^i^fc.^9yxh^o 
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[0074] 1 m^m^—^—^m^mm 

3 mmmi--'^-^ 

5 

7 ^Mw— if— 3fe 

8a |a5i:#: 

8b -^/v^?;^— |aAL#: 

10 ;5f;?^^AW 

11 iJ::^m\^'n 

12 /■^/v>?:;^f:^(!ttif^g 

13 a^j^ 

13a ^i5cMii^{?& 

13b illWMiiM^ 

15 m 

16 W 

17 M^'^ 

18 ^^/v'ri.^^y-^^— 

19 5i^mbm« 

20 mMwm 

21 ^:^>'l/:/X 

22 '<:t^^U\^'Wm 

23 mmi^mmr^<—^^ 
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24 

25 '<~^l^yf—J>.W^'^ 

26 ^)'7^'^Yn-^mnmmm.m.^mmm. 

27 -^-^^^mMwrn 

28 MCP 

29 ^i^A^^^^-^-^^-y 

30 i^fflB 

31 'BMT^iyv^^ 

32 ^\^]^\MMM:^-y^y=^ 
33 

34 ^<;V7s^-7.(r)]^tinf^ii^^ 

35 /■^/v;^;^f;^ 

36 ^W;:^;{f><.<Di£;t>NFF^5>* 
37 

38 ^■?/v>?>;?f>^(DjE;^NFr^^* 
39 

40 *igW-if-3feM^S^S^g 

41 X^ismw 

42 m^^^ 

43 r^Mil^^tf 

44 ^S;iJ^V7' 

45 ^■?/V'^;5f;^i!eJ|tigM(D|glb^® 

46 ]^jgm8t*^tf(^^«JSM 

47 :^l/xi-;K^—-:f 

48 :7^>'v? 

48a 

48b 

48c DfltlS 
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48d 

48e KiiTL 
49 yX/V 
49a R 
49b #|fP 
50 
51 

51a ##:Tf|3 
51b ##:_h|f|5 

52 ;5f;?^S?®^ra 

53 i/— hffi 

54 

54a 

55 

55a 

55b Mi^ 
55c ifi^ 
56 

57 yX/v^^^x. 

58 

59 iM^g&---iJfEA-r^;(f;^ 

60 mu^^mnir^:^^ 

61 ^^/v;^;^';^ 
62 

63 x^/v;7?>;5f>^ 

64 i/— 
64a iX— 
64b hffi 
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65 yX/v 

65a ^msia^js&^Wi-^yx/v 
65b ii:wsffl^g&^*-r^yx/v 
66 

66a y:^yi-<D^MM 
66b y::</^y(D^mM 

67 :Jtf:^(Dm^^ 

67a ;^^^(Z)^!^®f|3 

67b :ff^^<Dm^^ 

68 il^J?&^^tv5;^><> 
68a m^^^Uti^:^:^ 
68b MM{^^l)fDtb^;^f;^ 

69 fe5/h 

70 fe^'h 

71 AP^P 

72 tii P r?fi P 

73 if— ^ 

74 y-<^-m«(¥-v— if-3feffl) 

D ilMS&li:^(m) 

X ^mms7tu-^-^mm^mmmm (m) 

L 
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Ml, M2, •••Mn DOffil 

F M.^ 

fl. f2 ^.-^.lEBil 
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mu 
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—^—f:t>^hmm^wmm^m\^^x-^>^:f/v^^4:^iy^mm^^ir^ ic^ctd 
-Dx^^^v^^::^m^M'r^^—^—ytmm^Lm:^mmir^ifmxh^x^ 

mmwmi^Lmi^^^^xmm^</i^:^^^mM^m^hmmmmmmmmfi^Mv 
xsff-e^^LT. ^^v^:ffy^)±ti(DmmmM^:tiyvi::^=^—-^xmM\u ^mm 

mmmmmM^m^Mi^x^^v^^^m^^yi-^m^mM^'^. ^^v^:ff^m<D 
mt}^mmmmmmM^$Yx^^vx^^^])^:ff:^mti<DmmmM^:t^yT^:^=^ 

mmmmc^9^yhmmm\^nfJ:<fJ:<^f't^(Dmm^</i^:^:^:^mm^^ 
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L 

< X < 1. 5x <Di^mK^^^ti^^t^wW(.tir:5m^m'^tiit2},^mm.(D 

L L 

^t^^mi, 2, 4(DV^i"tL;^)^^^tEic(D^— if — (:t:yitmA6^W^no 

xmB:)f\^i^^mm^ir^^!^xh^^t^wi^t'r^mMm6{cmm.(Du—-^— 
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M^m^^m'r^x^K.n&^m^xmm^tix\^^^^t^w^tir^mMmi, 

m^9—^^yhmxmmmm^mKM^'^tiwm^mir^i^—^-^^^4}'^^^t^Mc 
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mu 

[17] mmnm^^^mK vyu^^h^^^mmnmrnnm^^mmxh^^t^i^^t 
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40 

[2005^7^180 (18. 07. 2 0 0 5 ) ffll^^^M^S : tBMS|J](^f*^cD 

teOlt*©f5IS«^M^=C U (7M)] 

i^-if-^»IE=3r-^yi-:^f;^-^Mi-SJ;5}-^fe^ttSi^^#mt-t-2)i/-- 

if— f^wbwa^^^ff^So 
mu 
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^x.^^])^:^'^m\zM't^^—^~itmMWM^W'&1r^:H'&x^-DX. 

mmmiiLmi^^^^xmm^v^:^:ff:^m^m^hmmmMmmMmm^Mi^ 

mti^:^\^i^^^^i^^W}^'^.^iiLmi^^^^xmm^<^^^:ff:^mM^m^ib^ 
f£ti^mm^m.mmM^f^x^^i^x.^^v^:ff:^mti(Dmmm^^:t->r:^^=^ 
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< X < 1. 5x <Dm.mi^wM^tb^^t^wmt-r?>n^mi^tcii2i,^mm<D 

L L 

gi^^■Mt-SH^S^^^*«l-TV^5^i:^#m^i-Sft^T^5i^:IBtt(D^-•ifW 
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pjxmiLm:-^xm-m%x\ mmm^i^Lm^^^mtmiMmi^m^^^xmnn4° ~ 
Mmu nm^mmmn. -M(D^^—^^yhm^i^-^~mm^ARMi^xn.m.-r 

2, 4(DV ^-fi^/?)>i-tE*fe(^l/-1f--Y:^Wb«»5>t)f ^So 
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[15] tfiiaix-if-3feMMi^;^7^A;ds, mwi:(Dmmm^^ir^miRtj^M2<D^'y—^y 
mu 

-±^yh(D Bm^\^ Kmmm (j: w-r ^5 ku 

$ti.StutEi/-if-3femi:»T^b^cev^+^/^tlEPB^Pi^^iO-CSH*^tb. ^^offffsy 
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